TITLE OF THE INVENTION 

ELECTRIC POWER VARIATION COMPENSATING DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to an electric 
power variation compensating device which compensates 
a variation of an active electric power of wind power 
(turbine) generators outputted to an electric power 
system through -a- control of an electric power 
converter disposed in parallel with the wind power 
generators . 

Amano et al* Study on Power Fluctuation Compensation 
of Wind-Turbine Generators by NAS Battery Systems" 
(1998 National Convention Record [7^ I.E.E. JAPAN, pp 
7-310-7-311) discloses a^ detection of an active 
electric power outputted from a wind power generation 
system and -et- detection of an active electric power 
inputted or outputted from an electric power energy 
storage device through separate current and voltage 

^0^^<^<^^ -For- 

detectors, and further discloses a^ control of an 
electric power converter constituting the electric 
power energy storage device in which a detected value 
of electric power of the wind power generation system 



^ is inputted^ respectively^ to a high frequency pass 

filter and a low frequency pass filter to divide the 
electric power into long period variation components 
and short period variation components to perform a 
5 phase compensation and a gain calculation for the 
respective components, and the resultant components 
are added to a charge and discharge command in the 
control system of the electric power converter. 

As has been explained above, since the respective 
-fj 10 active electric powers of the wind power generation 

^ system and the electric power energy storage system 

cxfli are detected separately -M^^^-^fee— eenve^i*^ there 

cxi::| arises a problem^ that when installing a plurality of 

wind power generating systems,^ detecting points 
15 thereof increase. 

Further, since the active electric power of the 
wind power generating system is compensated while 
dividing the same into long period variation 
components and short period variation components, it 
2 0 is difficult to compensate all of the variation 
components with the electric power energy storage 
system. 



ex. 



still further,^ if it is difficult to set the gain 
of the system at^l- because of a small capacity of the 
2 5 electric power energy storage system, there arises a 
problem^ that all of the electric power variation 
components can not be compensated. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an electric power variation compensating device which 
is suitable for suppressing any variation components 
5 in -ari^ active electric power outputted to an electric 
power system when an electric power energy storage 
system is installed in parallel with a plurality of 
wind power generating systems. 

The above object is resolved in the following 

10 manner in which the output electric power of the 
plurality of wind power generators is computed 
according to a detection value of a composite current 
and a voltage of an electric power system^-^— we-Mr^s* 
an input or output electric power of an electric power 

15 converter is computed according to the voltage of the 
electric power system and a detected value of current 
of the electric power converter or a detected value of 
current of the electric power system-r'^^wie^BT^ an 
amount of electric power used for electric power feed- 

20 back in a control system is -ene* obtained by adding 
either the active electric power or the reactive 
electric power in the output electric power of the 
wind power generators^ each of which low frequency 
components are excluded through a low frequency pass 

25 filter to either the active electric power or the 
reactive electric power in the input or output 
electric power of the electric power converting 
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device^^^-a^nd^^^^^'-i^t^ further ^aHE^e—giEev-ided- a change-over 
switch which makes or interrupts the active electric 
power or the reactive electric power in the output 
power of the plurality of wind power generators, and 
another change-over switch^which makes or interrupts 
low frequency components of the active electric power 
or the reactive electric power in the output electric 
power of the plurality of wind power generators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an electric power 
variation compensating device representing one 
embodiment of the present invention; 

Fig. 2 is a^^^toofc diagram showing a detailed 
structural diagram of a control unit according to the 
present invention; 

Fig. 3 is a diagram^p^;;#©iE^^««^e^pl^ifciiin^^ electric 
power variation compensation according to the present 
invention; , , , 

Fig. 4 is another diagram ^iE©^»--^'5epia*ndbng~^a-n 
electric power variation compensation according to the 
present invention; . . . a^",.^^ 

Fig. 5 is a diagram ^fai^—e-xptaini-^ng—^^^ electric 
power variation according to a conventional type 
device; 

Fig. 6 is a block diagram of another embodiment 
of the present invention; 
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Fig. 7 is a Hbieek* diagram showing a detailed 
Structural diagram of^-anoth^er control unit in^Fig. 6 
embodiment of the present invention; 

Fig. 8 is a block diagram of a modification 
5 ^^sfamf^le-^^'wher^ a superconducting magnetic energy storage 
device is used as the electric power energy storage 
device of the present invention; 

Fig, 9 is a block diagram of another modification 
^x-ample— wtoen a static var compensating device (SVC) is 
10 used as the electric power energy storage device of 
the present invention; and 

Fig. 10 is a block diagram of still another 
modif ication^^x-ampie— when an adjustable speed electric 
power generating system is used as the electric power 
15 energy storage device of the present invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Hereinbelow, embodiments of the present invention 

I J I \x> 

-anfe* explained with reference to the drawings. 

2 0 Fig. 1 shows an electric power variation 

compensating device representing one embodiment of the 
present invention, in that^in Fig. 1, the embodiment 
is shown which realizes a compound system^of a wind 
power generating system 19a and an electric power 

25 energy storage use electric power conversion system 7a 
according to the present invention. 

In Fig. 1, a wind power generator la is connected 



to a coupling -^e- transformer 3a via an inverter/ 
converter 2a, and the coupling tise transformer 3a is 
connected to an electric power system 18, The 
inverter /converter 2a-en©e converts an active electric 

A 

power Pwa outputted from the wind power generator la 
into DC electric power and then inverts the same 
into -anr AC electric power tey™the"--i-Hveii?fee^r* to supply 
the active electric power to the electric power system 
18 • Further, another wind power generator lb is 
connected to the coupling -laser transformer 3a and -in- 
active electric power Pwb outputted from the wind 
power generator lb is also supplied to the electric 
power system 18. 

An electric power energy storage device 4a is 
constituted as an electric power energy storage system 
by installing secondary batteries 5a and 5b at DC 
circuit portions of inverters 6 a and 6b, and the 
inverters 6a and 6b are controlled through an inverter 
control unit 11a and an active electric power Pc from 
the electric power energy storage device 4a is 
supplied to the electric power system 18 via a 
coupling transformer 3b. 

An electric power detector 10a computes, 
according to an output current Iw of a current 
detector 8a and an output voltage Vs of a voltage 
detector 9a, electric powers Pw and Qw outputted from 
a plurality of wind power generators (in Fig. 1, la 
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and lb) to the electric power system 18. Further, 
another electric power detector 10b computes, 
according to an output current Ic of a current 
detector 8b and the output voltage Vs of the voltage 
5 detector 9a, electric powers Pc and Qc inputted or 
outputted to and from the electric power energy 
Storage device 4a. Thus ^oteta±neti' active electric 
powers Pw and Pc and reactive electric powers Qw and 

i ^ 

Qc ^^^re inputted to the inverter control unit 11a for 

10 the electric power energy storage device 4a. 

Fig, 2 shows a detailed structure of the inverter 
control unit 11a for the electric power energy storage 
device 4a. The^composite electric powers Pw and Qw of 
the plurality of wind power generators la and lb are 

15 inputted through respective switches A and B. 
Further, the active electric power Pw is also inputted 
into a low frequency pass filter 12a and an output PwL 
of the low frequency pass filter 12a is inputted into 
a switch C. The switch C outputs the output PwL to a 

2 0 subtracter 14a. The subtracter 14a computes a 
difference between the output of the switch A and the 
output of the switch C and outputs the difference to 
an adder 15a. The adder 15a adds the output active 
electric power Pc of the electric power energy storage 

25 device 4a and the resultant output of the subtracter 
14a, and computes an active electric power feed back 
value pf , and with another subtracter 14b a difference 
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between an active electric power command p* and the 
active electric power feed back value pf is computed. 
Likely, the reactive electric power Qw is inputted via 
the switch B and another adder 15b adds the reactive 
5 electric power Qc inputted into or outputted from the 
electric power energy storage device 4a and the output 
from the switch B to compute a reactive electric power 
feed back value Qf , and with still another subtracter 
14c a difference between a reactive electric power 
10 command Q* and the reactive electric power feed back 
value Qf is computed. The outputs of the subtracters 
14b and 14c are inputted into a current controller 
13a, and from the current controller 13a gate pulses 
16a for the converters 6a and 6b are outputted. 
15 When all of the switches A, B and C are^ ON 

condition, the active electric power feed back value 
Pf results in an addition of the active electric power 
Pc and high frequency components of the composite 
active electric power Pw. Accordingly, the electric 
2 0 power energy storage device 4a is controlled so that 
the high frequency components of the active electric 
power Pw outputted from the wind power generating 
system 19a are charged/discharged from the batteries 
5a and 5b, ^ thereby^ the high frequency components in 
25 the active electric power Pw which otherwise flow out 
into the electric power system 18 are suppressed. 

Now, when assuming that the high frequency 
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components and the low frequency components of the 
cx/ active electric power Pw are &&• PwH and PwL^ 

respectively, since the subtracter 14a subtracts PwL 
in Pw (PwH, PwL), the output of the subtracter 14a 
5 gives Pw (PwH). The adder 15a adds the output Pw 
(PwH) of the subtracter 14a to the output active 
electric power Pc of the electric power energy storage 
device 4a to obtain the active electric power feed 
back value Pf, namely Pc+Pw (PwH). The subtracter 14b 
" 10 computes a deviation ApH between the active electric 

i£ power command p* and the active electric power feed 

back value pf. Based on the computed deviation ApH 
K the current controller 13a outputs the gate pulses 16a 

for the converters 6a and 6b. The converters 6a and 
15 6b are controlled so that the high frequency 
€1 components PwH in the active electric power Pw are 

O charged/discharged into the batteries 5a and 5b. As a 

result, the high frequency components PwH in the 
active electric power Pw which possibly flow out into 
2 0 the electric power system 18 are suppressed. 

Fig. 3 shows a relationship between the output 
active electric power Pw of the plurality of wind 
power generators, the low frequency pass filter output 
PwL and an active electric power Psys (=PwL+p*) which 
25 the compound system of the wind power generation and 
electric power energy storage outputs into the 
electric power system 18, when all of the switches A, 
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B and C are in^ON condition. Since the electric power 
energy storage device 4a is operated so that the high 
frequency components in the active electric power Pw 
from the wind power generating system 19a are 
eliminated, the active electric power Psys assiimes a 
value obtained by adding the active electric power 
command value p* for the electric power energy storage 
device 4a to the low frequency components PwL in the 
active electric power Pw. In this instance^ whether 
the charging operation or the discharging operation^to 
be performed by the electric power energy storage 
device 4ei^ can be determined by varying the active 
electric power command value p* . With regard to the 
reactive electric power, since the switch B is ON, the 
reactive electric power at the coupling point between 
the wind power generating system 19a and the electric 
power energy storage device 4a is controlled so as to 
meet w4%h the command value Q* . 

Fig. 4 shows another relationship between the 
same, when the switch A is ON and the switch C is OFF. 
In this instance, since the active electric power Pw 
of the wind power generating system 19a is added to 
the detected value Pc of the active electric power of 
the electric power energy storage device 4a, the 
electric power energy storage device 4a operates so as 
to charge or discharge all of the varying components 
in the active electric power. Accordingly, the 
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control unit 11a of the electric power energy storage 
device 4a operates so as to keep the active electric 
power of the entire compound system of the wind power 
generation and electric power energy storage at the 
5 constant value p*. 

Fig. 5 shows still another relationship between 
the same, when the switches A and C are OFF^which is 
incidentally an operating example of a conventional 
type device^ where in the output active electric power 

10 Pc of the electric power energy storage device 4a and 
the active electric power Pw of the wind power 
generating system 19a are controlled separately, 
therefore, the active electric power Psys represents 
the addition of the output active electric power Pc 

15 and the active electric power Pw. 

As has been explained above, through changing- 
over^ the switches as shown in Figs. 3 and 4, the 
active electric power of the compound system of the 
wind power generation and electric power energy 

2 0 storage is caused to follow -up^ the low frequency 
components in the active electric power of the wind 
power generating system^to achieve an operating state 
in which only the high frequency components are 
compensated^ or alternatively an operating state in 

2 5 which all of the active electric power components of 
the wind power generating system are compensated.^e-a'nf 
-be— aeiiieve^N in particular, when the electric power 



energy storage device 4a does not have a sufficient 
capacity which can charge all of the electric power of 
the wind power generating system 19a^ an operation 
which compensates only the high frequency components 
5 ^^^t^HE^ia^gfe- changing over^ switches is effective. 

In the present embodiment, since the electric 
power of not less than two wind power generators is 
determined according to the composite current and the 
voltage of the electric power system 18, one -sefe—eii 

10 detection system is sufficient regardless ^^e- the 
number of wind power generators. Further, when adding 
one or more wind power generators, it is unnecessary 
to newly add another detection system. 

Further, since the detected value of the active 

15 electric power of the wind power generating system of 
which^low frequency pass filter output is subtracted 
is added to the active electric power feed back value 
of the electric power energy storage device, the high 
frequency components in the active electric power 

2 0 which otherwise flow out into the electric power 
system are absorbed by the electric power energy 
storage device and varying components in the active 
electric power which will be outputted into the 
electric power system can be suppressed. 

2 5 Still further, since the switches are provided on 

the transmission lines of the detected values of 
electric power of the wind power generators and of the 
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low frequency pass filter so as to permit change-over, 
it is possible -^-e— ©awse^^ to follow the active 

electric power of the compound system of the wind 
power generation and electric power energy storage to 
5 the low frequency components as well as %e«--ea='m^e to 
perform a compensating operation for all of the active 
electric power components of the wind power generating 
system. 

Now, other embodiments of the present invention 
10 will be explained hereinbelow. Throughout the 

respective drawings equivalent constituting elements 
«a^^ in the previous embodiment are designated by the 
same reference numerals and their explanation is 
omitted . 

15 Fig. 6 is another embodiment according to the 

present invention which realizes a compound system^of 
a wind power generating system and an electric power 
energy storage use electric power converting system. 

The present embodiment is different from^Fig. 1 

2 0 embodiment in the following points, in that^in place 
of the current detector 8b of the electric power 
energy storage system 7a in Fig. 1 embodiment, the 
current in the electric power system 18 is detected by 
a current detector 8d, and the electric powers Psys 

25 and Qsys in the electric power system 18 and the 
detected values Pw and Qw of the electric power of the 
wind power generating system 19b are fed back to a 



control unit lib constituting an electric power energy 
storage system 7b. 

Fig. 7 shows a detailed structure of the control 
unit lib of the present embodiment. Since the 
electric powers Psys and Qsys in the electric power 
system 18 are respectively subtracted by the electric 
powers Pw and Qw at subtracters 14d and 14e^ the 
outputs of the subtracters 14d and 14e respectively 
give the active electric power Pc and the reactive 
power Qc which are inputted or outputted to and from 
an electric power energy storage device 4b. 

With the present embodiment, substantially the 
same advantages as -fe.a«s^«.beeia» obtained fc>y/\ Fig. 1 
embodiment are also obtained. 

Fig. 8 is a modification -e^ampie* of the present 
invention in which a superconducting magnetic energy 
storage device 17a which absorbs or discharges -a»& 
electric power is ^a-f^piied— — ier the electric power 
energy storage device 4a in Fig. 1 embodiment. In 
Fig. 8, the superconducting magnetic energy storage 
device 17a is connected to the electric power system 
18. Further, at the DC circuit portion of an electric 
power converter 6e^ a superconductor coil 21 is 
installed and the superconducting magnetic energy 
storage device 17a absorbs or discharges *b electric 
power from and to the electric power system 18 
according to a command from a control unit 11c. 



The voltage of the electric power system 18 is 
detected by a voltage detector 9c and currents 
-eeneefFned are detected by current detectors 8e and 8f . 
Electric power detectors lOd and lOe compute electric 
powers according to the detected voltage and currents, 
and^output the computed results to a control unit 11c. 
The control unit 11c outputs gate pulses 16c and 
controls the superconducting magnetic energy storage 
device 17a. 

^^^G^h&s- than the ateev^e- superconducting magnetic 
energy storage device 17a, a static var compensating 
device (SVC) 17b as illustrated in Fig. 9 can be used. 
At the DC circuit portion of an electric power 
converter 6f in the static var compensating device 17b 
a capacitor 22a is installed, and the static var 
compensating device 17b absorbs or discharges ^n* 
electric power from and to the electric power system 
18 according to a command from a control unit lid. 

Further, in place of the superconducting magnetic 
energy storage device 17a, an adjustable speed 
electric power generating system can be used. As such^ 
adjustable speed electric power generating system^ a 
pxmiping up electric power generating installation and 
a fly-wheel type electric power generating system 17c 
as illustrated in Fig. 10 are exemplified. The fly- 
wheel type electric power generating system 17c 
charges a capacitor 22b through an electric power 
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converter 6h, and another electric power converter 6g 
uses the electric power of the capacitor 22b for 
secondary excitation of a generator-motor 23. The 
rotatable shaft of the generator-motor 2 3 is coupled 

5 with a fly-wheel 24, and further the primary side of 
the generator-motor 2 3 is connected to the electric 
power system 18 via a transformer 3h, The present 
fly-wheel type electric power generating system 17c 
absorbs or discharges -a»- electric power from and to 

0 the electric power system 18 according to a command 
from a control unit lie. 

Hereinabove, it has been explained that when an 
electric power energy storage system is provided in 
parallel with a plurality of wind power generating 

5 systems, varying components in the active electric 
power which will be outputted to an electric power 
system are suppressed. The present invention is 
likely applicable with regard to a reactive electric 
power. 

0 As has been explained above, according to the 

present invention, when an electric power energy 
storage system is installed in parallel with a 
plurality of wind power generating systems, through 
provision for the electric power energy storage system 

5 ^^f. a function which absorbs or discharges high 
frequency components outputted from the wind power 
generators, the varying components in the active 



electric power out putted into an electric power system 
are suppressed and the electric power energy storage 
system can be stably operated with regard to charging 
and discharging thereby. 

Further, since the electric power of not less 
than two wind power generators is determined according 
to the composite current thereof and the voltage of 
the electric power system, one ^@4--€Hi detection system 
is sufficient regardless the number of wind power 
generators, ^-arS—^we-M----as' when adding one or more wind 
power generators to the system, it is unnecessary to 
newly install another detection ^-^^i^^av therefore, in 
the compound system of a wind power generating system 
and an electric power energy storage system^number of 
detectors can be reduced^ which achieves, cost reduction 
of the system. 

Still further, because of the measure in which 
the low frequency pass filter output is subtracted 
from the detected value of the active electric power 
of the wind power generating system, the high 
frequency components in the active electric power 
flowing out into the electric power system are 
eliminated with a simple structure and the varying 
components in the active electric power which will be 
outputted into the electric power system can be 
suppressed. 

Moreover, because of the provision of the 
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switches in the control system, the mode of electric 
power detection can be exchanged, the active electric 
power of the compound system of a wind power 
generation and an electric power energy storage is 
5 caused to follow the low frequency components of 

the wind power generating system to thereby compensate 
only the high frequency components thereof -arS—ii^ll—a^s 
^he* operating condition can be created which performs 
a compensating operation for all of the active 
10 electric power components of the wind power generating 
system. 

Further, with regard to the reactive electric 
power components^ substantially the same compensation 
can be effected. 



